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Related Application 

[0001] The present application claims priority of U. S. 
Patent Application Serial No. 60/540,759 filed by Karl 
Schrodinger on January 30, 2004, 

Field of the Invention 

[0002] The invention relates to a receiver circuit and to 
a method for operation of a receiver circuit. 

Background of the Invention 

[0003] Receiver circuits are used, for example, in optical 
information technology in order to amplify the electrical 
measurement signal which is supplied from an optoelectronic 
transducer, and then to process this measurement signal 
further. 

Summary of the Invention: 

[0004] The invention provides a receiver circuit which has 
minimal noise. The invention also provides a method for 
producing the receiver circuit as simply and cost-effectively 
as possible, and preferably to operate digitally, or very 
largely digitally. 

[0005] According to the invention, a receiver circuit 
includes at least one amplifier device for amplification of a 
data signal which is applied to the input side of the 
receiver circuit. The receiver circuit also has a control 
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device, which measures the data rate of the data signal and 
sets the bandwidth of the amplifier device such that the 
bandwidth of the amplifier device corresponds to the data 
rate of the data signal . The control device thus results in 
the amplifier device always operating with a bandwidth which 
corresponds optimally to the respective data signal; this 
therefore avoids the amplifier device having a bandwidth 
which is excessively great or is too large. 
[0006] As is known, the bandwidth arid the noise response 
of amplifier devices are related to one another. 
Specifically, if the bandwidth is very wide, the noise level 
of the amplifier device is generally also very high. In 
order now to ensure an optimum noise response or minimal 
noise in the receiver circuit, the bandwidth of the amplifier 
device is, according to the invention, set to be as narrow as 
possible, that is to say always just sufficiently wide that 
the data signal can be amplified without corruption. 
Uncorrupted amplification of the data signal is achieved by 
setting the bandwidth of the amplifier device to be just 
sufficiently wide for the data rate of the data signal . 
Thus, when the data signal in the receiver circuit according 
to the invention is at a high data rate, a wide amplifier 
device bandwidth is set while, in contrast, when the data 
rate of the data signal is low, only a narrow bandwidth is 
set . 

[0007] Thus, in summary, the essence of the invention is 
to match the bandwidth of the amplifier device to the 
respective data rate of the data signal in order to achieve 
an optimum receiver circuit noise response. 
[0008] One advantageous refinement of the invention 
provides for the control device to have a data correlator on 
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the input side. The data signal or the data signal which 
has been amplified by the amplifier device in the receiver 
circuit is applied to the input side of this data correlator. 
[0009] In the following text, the expression "data signal" 
refers both to the unamplified data signal, that is to say 
the data signal which is applied to the input of the receiver 
circuit, and to the data signal which has been amplified by 
the amplifier device in the receiver circuit; where the 
following text refers, for short, to the "data signal", then 
this may be the already amplified data signal or, 
alternatively, the unamplified data signal. Fundamentally, 
both signals are suitable for measurement of the data rate of 
the data signal and for controlling the bandwidth of the 
amplifier device. 

[0010] The data correlator uses the data signal to form at 
least one phase-shifted auxiliary signal. The data 
correlator then subjects the data signal and the at least one 
phase-shifted auxiliary signal to autocorrelation and, in the 
process, forms at least one correlation signal which 
corresponds to the correlation result and is subsequently 
used in order to determine the data rate of the data signal. 
[0011] The data correlator may be formed in a particularly 
simple and thus cost-effective manner by means of phase 
shifters and D flipflops. The phase shifters are in this 
case used to produce the phase-shifted auxiliary signals. 
The D flipflops are used to form the correlation signals. 
[0012] In order to allow the data rate of the data signal 
to be determined as accurately as possible, the data 
correlator preferably has two or more D flipflops and two or 
more phase shifters. The data correlator uses the phase 
shifters to produce two or more phase-shifted auxiliary 
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signals with a different phase shift with respect to the data 
signal. The D flipflops can then use the two or more phase- 
shifted auxiliary signals to form two or more correlation 
signals . 

[0013] Furthermore, it is regarded as being advantageous 
for the control device to have a bandwidth monitoring device 
which is arranged downstream from the data correlator and 
uses the correlation signals from the data correlator to 
produce a data rate measurement signal for driving the 
amplifier device. 

[0014] The bandwidth monitoring device is preferably 
designed such that it averages each of the correlation 
signals over time and uses each averaged correlation signal 
to produce the respective binary threshold value signal which 
indicates whether the time mean value of the respective 
correlation signal is less than or greater than a 
predetermined threshold value. 

[0015] The time averaging of the correlation signals can 
be carried out by means of low-pass filters or integrators, 
for example, in the bandwidth monitoring device. 
[0016] The bandwidth monitoring device preferably has 
comparators in order to form the binary threshold value . 
signals . 

[0017] It is also regarded as being advantageous for the 
control device to have a state machine which is formed, for 
example, by a microprocessor arrangement. The state machine 
is arranged downstream from the bandwidth monitoring device 
and carries out a control procedure, by means of which the 
optimum bandwidth is set for the amplifier device as a 
function of the data rate measurement signal from the 
bandwidth monitoring device. 
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[0018] If the control device evaluates the already 
amplified data signal, this preferably ensures that the 
amplifier device is initially operated with the maximum 
bandwidth when the receiver circuit is switched on for the 
first time. The bandwidth of the amplifier device is 
reduced only when, after a measurement of the actual 
bandwidth of the data signal it is determined that a narrower 
bandwidth will be adequate for the amplifier device. This 
is because, if the drive for the amplifier device were to be 
"started" with an excessively narrow bandwidth when the 
receiver circuit is switched on again, then the data signal 
would be corrupted by the amplifier device so that the data 
rate of the amplified data signal would no longer correspond 
to the data rate of the unamplified data signal, that is to 
say the original data signal; this is because the amplifier 
device would effectively "cut off" the frequency spectrum and 
thus the data rate of the data signal . It would then not be 
possible to use the amplified data signal to correctly 
control the bandwidth of the amplifier device. 
[0019] The state machine is advantageously used to set the 
bandwidth of the amplifier device after switching on the 
receiver circuit again. 

[0020] In order to avoid the possibility of an incorrect 
setting of the bandwidth of the amplifier device leading to a 
control error in the control device, the unamplified data 
signal is alternatively applied to the control device. Even 
if the amplifier device changes or corrupts the data rate of 
the data signal, the setting of the "appropriate" bandwidth 
by the control device is thus not affected by this. 
[0021] The receiver circuit according to the invention 
may, for example, be part of an optical receiving element 
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with an optoelectronic transducer. In this case, the 
receiver circuit according to the invention is arranged 
downstream from the optoelectronic transducer, and amplifies 
its output signals. 

[0022] It is also regarded as advantageous for the 
receiver circuit also to have a switching apparatus for 
switching the noise and for varying the noise response of the 
amplifier device. The noise may be switched or the noise 
response varied, for example, by switching or varying the 
operating point of the amplifier device. The sensitivity of 
the receiver circuit can be further optimized by such 
switching or variation of the operating point. 
[0023] The invention also relates to a method for 
operation of the receiver circuit. 

[0024] According to the invention, provision is made with 
regard to such an operating method for a data signal in the 
receiver circuit to be amplified by an amplifier device 
forming an amplified data signal. The data rate of the 
amplified or unamplified data signal is also measured, and 
the bandwidth of the amplifier device is set such that the 
bandwidth of the amplifier device corresponds to the measured 
data rate. 

[0025] Matching the bandwidth of the amplifier device to 
the respective data rate of the data signal allows an optimum 
receiver circuit noise response to be achieved - as already 
explained above. 

[0026] With regard to the advantages of the method 
according to the invention, reference should be made to the 
above statements relating to the receiver circuit according 
to the invention. A corresponding situation applies to 
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advantageous refinements of the method according to the 
invention. 

[0027] The present invention is also directed to a method 
for determination of the data rate of a digital data signal 
as is used for operation of a receiver circuit. With regard 
to this method, reference is likewise made to the above 
statements relating to the receiver circuit according to the 
invention. 

Brief Description of the Drawings 

[0028] In order to explain the invention: 

[0029] Figure 1 shows an exemplary embodiment of a 

receiver circuit according to the invention, by means of 

which it is also possible to carry out the method according 

to the invention for operation of a receiver circuit as well 

as the method according to the invention for characterization 

of the data rate of a digital data signal; 

[0030] Figure 2 shows an exemplary embodiment of a data 

correlator for a control device for the receiver device as 

shown in Figure 1 ; 

[0031] Figure 3 shows an exemplary embodiment of a 
bandwidth monitoring device for the control device for the 
receiver circuit shown in Figure 1; 

[0032] Figure 4 shows time waveforms of the signals which 
occur in the receiver circuit shown in Figure 1, and 
[0033] Figures 5, 6, 7, 8, 9 and 10 show examples of 
signal waveforms during operation of the receiver circuit as 
shown in Figure 1 at different data rates. 
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Description of a Preferred Exemplary Embodiment 
[0034] Figure 1 shows a receiver circuit 10 which, for 
example, forms a component of an optical receiving element. 
This means that the receiver circuit is suitable. for 
processing a measurement signal from an optoelectronic 
transducer. 

[0035] On the input side, the receiver circuit 10 has an 
amplifier device 20, at whose input E20 a data signal D is 
fed into the receiver circuit 10. . The data signal D is, for 
example, formed by an optoelectronic transducer, which is not 
illustrated in Figure 1, of an optical receiving element. 
[0036] The amplifier device 20 has three amplifiers 30, 40 
and 50 which are connected in series and thus form an 
amplifier chain. The first amplifier 30, as seen from the 
input side, is an amplifier which can be driven via a control 
input S30. The bandwidth and hence the noise response of the 
amplifier 30 can be fixed by presetting a control signal ST 
at the control input S30. 

[0037] The bandwidth and thus the noise response of the 
amplifier 3 0 may, for example, be varied by switching a 
transimpedance resistor in the amplifier 30, if the amplifier 
3 0 is a transimpedance amplifier. 

[0038] Gain switching and bandwidth switching in an 
amplifier are described in the parallel U.S. Patent 
Application 10/649,409 (date of filing August 27, 2003), 
which is hereby incorporated by reference in this application 
in its entirety. 

[0039] Alternatively or additionally, the operating point 
of the amplifier 30 can be switched as a function of the 
control signal ST at the control input S3 0. For example, the 
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current and/or resistors in the amplifier 30 may be switched, 
or capacitances may be connected. 

[0040] Alternatively, the other amplifiers 40 and 50 may 
likewise be designed to be adjustable or variable. 
[0041] An amplified data signal D' is emitted from the 
amplifier device 20 at the output A20 of the amplifier device 
20. This amplified data signal D* is passed via a feedback 
loop to an input E60 of a control device 60. The control 
device 60 has a control output A60, which is connected to a 
control input S20 of the amplifier device 20, and thus to the 
control connection S30 of the first amplifier 30. 
[0042] The optical receiver circuit 10 shown in Figure 1 
is operated as follows: the data signal D which is applied to 
the input side of the amplifier device 20 is amplified by the 
amplifier device 20 and is emitted at the output A20 of the 
amplifier device 20. 

[0043] The data rate f of the amplified data signal D' is 
measured by the control device 60. The control device 60 
then produces the control signal ST at its control output 
A60, by means of which the bandwidth of the first amplifier 
30 is set such that the bandwidth of the first amplifier 30 
corresponds to the data rate f of the amplified data signal 
D'. This should be understood as meaning that the bandwidth 
of the first amplifier 30 should be as narrow as possible, 
and shall be just sufficient to amplify the data signal D. 
Setting a minimum possible bandwidth makes it possible to 
achieve a minimum noise level in the amplifier 30, thus 
likewise minimizing the total noise in the amplifier device 
20. 

[0044] In order to produce the control signal ST, the 
control device 60 has a data correlator 70, whose input E70 
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forms the input E60 of the control device 60. On the output 
side, the data correlator 70 is connected to an input E80 of 
a bandwidth monitoring device 80. The bandwidth monitoring 
device 80 has an output A80a, at which it emits a measurement 
signal M[x:0], which indicates or characterizes the data rate 
of the data signal D', for display on a monitor or on some 
other external indication. 

[0045] The bandwidth monitoring device 80 furthermore has 
a further output A80b, at which it produces a data rate 
measurement signal S[0:m] which indicates or characterizes 
the bandwidth of the data signal D', and emits this data rate 
measurement signal S[0:m] to an input E90 of a downstream 
state machine 90. 

[0046] The state machine 90 has a control input S90 via 
which a "start signal" can be transmitted to the state 
machine 90. A "start signal" such as this indicates that the 
optical receiver circuit 10 is being used for the first time. 
This "start signal" may, for example, be produced 
automatically when the receiver circuit is switched on, or 
may be generated by the system itself as required ("power on 
reset") . 

[0047] One output A90 of the state machine 90 forms the 
control output A60 of the control device 60. 
[0048] The method of operation of the data correlator 70 
will be described in conjunction with Figure 2. This shows 
five phase shifters 100, 110, 120, 130 and 135, which are 
connected in series. The amplified data signal D' which is 
applied to the input E70 of the data correlator 70 thus first 
of all passes through the phase shifter 100 and is phase- 
shifted by a time interval tO. A phase-shifted auxiliary 
signal TO is thus formed at the output of the phase shifter 
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100. The waveform of the phase-shifted auxiliary signal TO 
and, for comparison purposes, the waveform of the amplified 
data signal D* can be seen in Figure 4. 
[0049] The phase-shifted auxiliary signal TO is also 
passed to the second phase shifter 110 which, for example, is 
physically identical to the phase shifter 100 and likewise 
results in a phase shift through the time interval tO. 
[0050] A second phase-shifted auxiliary signal Tl, which 
has a phase shift of AO = tl = 2 * tO with respect to the 
data signal D', is thus formed at the output of the second 
phase shifter 110. 

[0051] The second phase-shifted auxiliary signal Tl is 
also passed to the third phase shifter 120, to the fourth 
phase shifter 130 and to the fifth phase shifter 135, which 
each produce a time shift through further time intervals tO. 
[0052] A third phase-shifted auxiliary signal T2 is thus 
produced at the output of the third phase shifter 120, with a 
phase shift t2 = 3*t0. A fourth phase-shifted auxiliary 
signal T3 with a phase shift of t3 = 4*t0 is produced at the 
fourth phase shifter 130, and a fifth phase-shifted auxiliary 
signal Tn with a phase shift of tn = 5*t0 is produced at the 
fifth phase shifter 135. 

[0053] Points 140 in Figure 2 indicate that the data 
correlator 70 could have not just five phase shifters, but 
even more phase shifters in addition. 

[0054] As can also be seen in Figure 2, each of the phase 
shifters 100, 110, 120, 130 and 135 is followed by a 
respective D flipflop 150, 160, 170, 180 and 190. 
Specifically, the phase-shifted auxiliary signals TO, Tl, T2, 
T3 and Tn which are emitted on the output side of the phase 
shifters are applied to a trigger input T of the respective D 
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flipflops 150, 160, 170, 180 and 190. The trigger inputs T 
each react to a positive (rising) edge; they are thus 
triggered by a positive edge of the auxiliary signals. 
[0055] The five D flipflops 150, 160, 170, 180 and 190 
each have a D input to which the amplified data signal D' is 
applied. 

[0056] The data correlator 70 now operates as follows: the 
data signal D' is passed to the D inputs of the D flipflops, 
which pass on the respective signal level of the data signal 
D* to their output when the phase-shifted auxiliary signal 
TO, Tl, T2, T3 or Tn, respectively, which is applied to the 
respective trigger input T has a positive (rising) edge. 
Digital correlation signals KG, Kl, K2, K3 and Kn are thus 
formed at the outputs of the D flipflops. 
[0057] Figure 4 illustrates the time waveform of the 
phase-shifted auxiliary signals TO to Tn and of the digital 
correlation signals KO to Kn. In the example shown in Figure 
4, the data rate f of the data signal D is chosen such that 
the bit length tsn of the data signal D is considerably 
greater than the phase shift or the time interval tO. 
[0058] This means that the phase shift between the phase- 
shifted auxiliary signal tO and the data signal D» is small 
such that the data signal D' is always at a high level when a 
rising edge occurs in the phase-shifted auxiliary signal TO. 
The digital correlation signal KO will thus change to a high 
level when a rising edge of the phase-shifted auxiliary 
signal TO occurs, and will remain there unchanged. The 
correlation signal KO thus indicates that the phase shift TO 
is considerably less than the bit length tsn of the data 
signal D', and thus that: 

f < 1/tO 
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[0059] The statements relating to the auxiliary signal TO 
apply in a corresponding manner to the second phase -shifted 
auxiliary signal Tl. This means that the time interval 
tl = 2 * to is shorter than the bit length tsiT of the data 
signal D', so that the digital correlation signal Kl also 
jumps to a high level when the first rising edge change 
occurs in the auxiliary signal Tl, and remains there. 
[0060] The permanent presence of the second digital 
correlation signal Kl thus means that the bit length tsix of 
the data signal D' is greater than the time interval tl = 2 * 
to and that, in a corresponding manner, the data rate f of 
the data signal D' is less than the frequency corresponding 
to the time interval tl. Thus: 

f < 1/tl = 1/ (2*t0) 
[0061] With regard to the third phase-shifted auxiliary 
signal T2, it can be stated that the phase shift t2 = 3 * tO 
is greater than the bit length tBiT of the data signal D' . 
This means that the data signal D' has already changed its 
signal level when a first rising edge, which is illustrated 
in Figure 4, occurs in the phase-shifted auxiliary signal T2 , 
and has jumped from a high level to a low level. The D 
flipflop 170 is therefore not switched when the first rising 
edge, which is illustrated in Figure 4, occurs in the third 
phase-shifted auxiliary signal T2, so that the digital 
correlation signal K2 initially remains at a low level. As 
can likewise be seen from Figure 4, the correlation signal K2 
does not switch until two high levels of the data signal D' 
occur immediately in succession. This is because, in this 
situation, the time duration of the high level of the data 
signal D' is longer than the time offset t2 of the phase- 
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shifted auxiliary signal T2, so that the D flipflop 170 
carries out a level change. 

[0062] The D flipflop 170 is reset to a low level as soon 
as the data signal D' jumps back from a logical high level to 
a logical low level after a bit length tsiT- The digital 
correlation signal K2 thus has a square waveform . 
[0063] A corresponding situation applies to the 
correlation signals K3 and Kn which are illustrated in Figure 
4 and relate to the phase shifters 130 and 135, and to the D 
flipflops 180 and 190. 

[0064] Thus, in summary, it can be stated that the 
correlation signals finally remain at a high level, after 
being switched to a high level for the first time, when the 
associated phase shift is less than the bit length tsiT of the 
data signal D (see the correlation signals KO and Kl) . The 
other correlation signals, which relate to phase shifts which 
are greater than the bit length tsiT of the data signal D', 
have a square-wave, that is to say alternating, signal 
waveform. 

[0065] As already mentioned, the time waveform of the 
correlation signals KO to Kn can be used to determine the bit 
length tsn of the data signal D', and thus also to determine 
the data rate f of the data signal D* , The bandwidth 
monitoring device 80 as shown in Figure 1 is used for this 
purpose, and is illustrated in detail in Figure 3. 

[0066] Figure 3 shows low-pass filters 300, 310, 320, 330 
and 340, to which a respective one of the digital correlation 
signals KO, Kl, K2 and Kn is applied. The function of the 
low-pass filters is to form averages over time. 

[0067] Output signals 10, II, 12, 13 and In are thus 
produced at the outputs of the low-pass filters and indicate 
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the time mean value of the respective correlation signal KO 
to Kn. 

[0068] The cut-off frequency of the low-pass filters is 
chosen such that it corresponds approximately to the lower 
cut-off frequency of the first amplifier 30 in the amplifier 
device 2 0 as shown in Figure 1. 

[0069] The time mean values 10 to In which are produced at 
the outputs of the low-pass filters are fed into downstream 
comparators 400, 410, 420, 430 and 440 which compare the 
respective time mean value applied to their input sides with 
a predetermined threshold value S. If the time mean value 
exceeds the predetermined threshold value S, then a binary 
threshold value signal with a "high" level is produced at the 
output of the comparator. Otherwise, that is to say when the 
time mean value of the correlation signal is below the 
threshold value S, a binary threshold value signal with a 
"low" level is produced. 

[0070] The binary threshold value signals which are 
produced by the comparators 400, 410, 420, 430 and 440 are 
annotated by the reference symbols CO, CI, C2, C3 and Cn in 
Figure 3 . 

[0071] The threshold value S which is applied to the 
comparators is preferably 80% to 95% of the respective "high" 
level of the data signal D' . 

[0072] In order to avoid errors in the formation of the 
binary threshold value signals, the data signals D should 
preferably have a duty cycle value of about 50%. This means 
that a balanced number of "high" levels and "low" levels 
occur. This is because errors can occur if the duty cycle 
value deviates from 50% when a signal sequence with a short 
"low" level is linked to a long "high" level. 
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[0073] In addition, in some circumstances, each 
correlation signal KG to Kn could exceed the threshold S, as 
will be explained in the following text with reference to the 
signal I2 by way of example, A long sequence of "high" levels 
allows a rising ramp to occur in the signal I2, even if this 
long "high" level sequence is occasionally interrupted by 
shorter low level sequences. If the high levels were to 
predominate within a specific time interval, the rising ramp 
would reach the threshold "S". This can be seen, for 
example, in conjunction with Figure 7, which shows the 
waveform of the signal I2. If the number of high levels and 
low levels is now balanced within a specific time interval 
(duty cycle value, 50%) , this makes it possible to avoid the 
threshold S being reached. In order to ensure that this 
equilibrium occurs before the signal I2 can reach the 
threshold S, the time constant of the low-pass filters 300, 
310, 320, 330 and 340 is chosen such that it corresponds to 
that time interval in which the number of high levels and low 
levels balance one another out. 

[0074] The filtering can be carried out by means of an 
analog or a digital low-pass filter; digital filtering can be 
carried out, for example, by measuring the pulse lengths of 
the correlation signals KO to Kn. 

[0075] In Figure 3, it can be seen that the binary 
threshold value signals CO to Cn characterize the data rate f 
of the data rate signal D', and thus form a data rate 
measurement signal. This data rate measurement signal is in 
the form of a "thermometer code". 

[0076] The greater the number of binary threshold value 
signals CO to Cn which have a logical "high" level, the lower 
is the data rate f of the data signal D' . Conversely, the 
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smaller the number of binary threshold value signals CO to Cn 
which have a logical "high" level, the shorter is the bit 
length tsn of the data signal D', and the higher is the data 
rate f of the data signal D'. Thus, together, the binary 
threshold value signals CO to Cn form a data rate measurement 
signal in the thermometer code. 

[0077] Figure 3 shows a decoder 450 to whose input side 
the binary threshold value signals CO to Cn are applied. The 
function of the decoder 450 is to recode the data rate 
measurement signal which is formed by the binary threshold 
value signals CO to Cn and is in the form of a thermometer 
code, and, on the output side, to form the data rate 
measurement signal S[0:m], which has already been mentioned 
in conjunction with Figure 1, as well as the monitor output 
signal M [x: 0] . 

[0078] The operation of the state machine 90, which is 
illustrated in Figure 1, will now be explained in the 
following text. The data rate measurement signal S[0:m] 
which is produced by the bandwidth monitoring device 80 is 
applied to the input E90 of the state machine 90. The state 
machine 90 therefore knows the data rate f of the data signal 
D at the input of the optical receiver circuit. During 
normal operation, the state machine 90 passes on the data 
rate measurement signal S[0:m] that is applied to its input 
side to its output A90 and, on the output side, forms the 
coded control signal ST, which corresponds to the data rate 
measurement signal S[0:m] from the bandwidth monitoring 
device 80. 

[0079] In order now to prevent the amplifier 30 from being 
set incorrectly when the receiver circuit is newly switched 
on, the state machine 90 is designed such that it always 
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Starts to drive the amplifier 30 at the greatest data rate 
when a "power on" signal is applied to the control input S90. 
This ensures that the amplifier 30 is initially operated with 
the maximum bandwidth, and thus that the maximum possible 
input spectrum of the data signal D is amplified. 
[0080] If the state machine 90 finds as time passes after 
it has been switched on that the data signal D actually has a 
lower data rate than that previously assumed, then it will 
act on the amplifier 30 with the aid of the control signal ST 
in the course of the subsequent control process such that the 
bandwidth of the amplifier 30 is matched bit by bit to the 
actual data rate f of the data signal D. This results in the 
amplifier 30 being operated exclusively with the minimum 
required bandwidth. 

[0081] The process of matching the bandwidth of the 
amplifier 30 to the measured data rate f avoids the amplifier 
30 from initially being operated with an excessively narrow 
bandwidth. This is because operation with an excessively 
narrow bandwidth could in the worse case lead to the 
amplified data signal D' having a frequency spectrum that is 
much too narrow, so that the actual data rate of the 
unamplif ied data signal D can no longer be determined by 
means of the amplified data signal . 

[0082] In order to avoid measurement errors such as these, 
the control device 60 may alternatively also have the 
unamplif ied data signal D applied to it, and may measure its 
data rate. The amplifier device 20 is driven irrespective of 
whether the data rate is determined on the basis of the 
amplified or on the basis of the unamplif ied data signal. 

[0083] Figures 5 to 10 show simulation results for a 
receiver circuit which corresponds identically to the 
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receiver circuit shown in Figures 1 to 4, except for a few 
modifications. The following assumptions were made for 
simulation purposes - 

[0084] A pseudo-random sequence of 127 bits is used as the 
data signal D. 

[0085] The data correlator 70 and the bandwidth monitoring 
device 80 each have three stages. This means that the data 
correlator 70 contains three phase shifters as well as three 
D flipflops, and the bandwidth monitoring device 80 contains 
three low-pass filters with three comparators. In contrast 
to the explanatory notes relating to Figures 2 to 4, in which 
a five-stage configuration was explained, only a three-stage 
configuration is thus simulated in conjunction with Figures 5 
to 10. 

[0086] The cut-off frequency of the low-pass filters in 
the bandwidth monitoring device 80 is in each case 1 MHz. 
[0087] A logical "1" is associated with the "high" level. 
[0088] A logical "0" is associated with the "low" level. 
[0089] The phase shifters 100, 110 and 120 each produce a 
phase shift of 1 nanosecond. 

[0090] The lowermost diagram in each of Figures 5 to 10 
shows the time waveform of the amplified data signal D*. 
[0091] The time waveform of the correlation signal KO as 
shown in Figures 2 and 3 is shown in the diagram above this. 
[0092] The time waveform of the correlation signal Kl as 
shown in Figures 2 and 3 is shown in each of the central 
diagrams in Figures 5 to 10. 

[0093] The third correlation signal K2 as shown in Figures 
2 and 3 is illustrated in the second diagram from the top. 



19 



INFMN-016 (IT604US / 200354696)0 

[0094] The time waveform of the time mean values 10, II 
and 12 of the correlation signals KO to K2 is shown in the 
uppermost diagram in Figures 5 to 10. 

[0095] Figure 5 shows the resultant signal waveforms for 
the situation where the data rate f of the data signal D» is 
1.1 GBit/s (tsiT = 0.9 nanoseconds). Owing to the time delay- 
produced by the phase shifters 100, 110 and 120 of one 
nanosecond each, the first D flipflop 150 as shown in Figure 
2 is triggered only in the event of two successive "high" 
levels, and is reset when isolated bits occur. The time mean 
value 10 of the correlation signal KO of the first D flipflop 
150 is thus somewhat higher than the time mean values II and 
12 of the two D flipflops 160 and 170. 

[0096] However, none of the time mean values 10 to 12 
reaches the "high" level of 1 volt. 

[0097] Figure 6 shows the signal waveforms for a data rate 
of f = 0.9 Gbit/s for the data signal D* (tsiT = 1.1 
nanoseconds) . The delay of 1 nanosecond which is set for 
each of the three phase shifters 100, 110 and 120 results in 
the first D flipflop 150 being reliably triggered and no 
longer being reset. The time mean value of the correlation 
signal KO thus reaches the "high" level of 1 volt. 
[0098] The two other time mean values II and 12 of the two 
correlation signals Kl and K2 do not, however, reach the 
"high" level. 

[0099] Figure 7 shows the signal waveforms for a data rate 
f of 0.52 Gbit/s. This data rate f corresponds to a bit 
length teit of 1.9 nanoseconds. The delay of 1 nanosecond 
which is set for each of the three phase shifters 100, 110 
and 120 results in the first D flipflop 150 being reliably 
triggered and no longer being reset. The time mean value 10 
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of the correlation signal KO thus reaches the "high" level of 
1 volt. 

[00100] The two time mean values II and 12 of the two 
correlation signals Kl and K2 do not, however, reach the 
"high" level. In Figure 7, the two time mean values II and 
12 have approximately the same magnitude; however, this is 
difficult to see because their "triangle" and "diamond" 
markings or symbols are superimposed on one another. 
[0100] Figure 8 shows the simulation result for the signal 
waveforms for a data rate of f = 0.45 Gbit/s. This data rate 
corresponds to a bit length tsit of 2.2 nanoseconds. The 
delay from the phase shifters 100, 110 and 120 results in the 
first and second D flipflops 150 and 160 being reliably 
triggered, and no longer being reset. The two time mean 
values 10 and II of the two correlation signals KO and Kl 
thus each reach the "high" level of 1 volt. 

[0101] However, the time mean value 12 of the correlation 
signal K2 does not reach the "high" level. 

[0102] The two signals 10 and II are of equal magnitude, 
so that they are difficult to distinguish from one another in 

Figure 8 since their "square" and "diamond" markings are 
plotted superimposed. 

[0103] Figure 9 shows the time waveforms for a data rate f 
of the data signal D of 0.345 bit/s. This data rate f 
corresponds to a bit length of 2 . 9 nanoseconds. Overall, 
the time waveforms correspond to the time waveforms already 
explained in conjunction with Figure 8. 

[0104] Figure 10 shows the simulation result for the 
signal waveforms for a data signal data rate of 0.312 Gbit/s. 
This data rate corresponds to a bit length tsit of 3.2 
nanoseconds. Since the phase shifters 100, 110 and 120 as 
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shown in Figure 2 each produce a delay of 1 nanosecond, all 
three D flipflops 150, 160, 170 are reliably triggered, and 
are no longer reset. All three time mean values 10, II and 
12 of correlation signals KO, Kl and K2 thus reach the "high" 
level of 1 volt. 

[0105] Thus, in summary, it can be stated that the 
described method and the described data rate measurement 
arrangement make it possible to determine the data rate 
reliably. This is because, if the time mean value 10 to In 
of one of the correlation signals KO to Kn reaches the "high" 
level of 1 volt, then the bit length of the data signal D' 
must be greater than the respective phase delay of the 
correlation signal. 

[0106] Once the bit length t^it has been determined, it is 
then also possible to determine the data rate f, since the 
data rate f and the bit length are linked inversely to one 
another : 

f = 1 / tBit 

[0107] Thus, for example, if the phase shift of the phase 
shifter 100 is tO = 1 nanosecond and the associated time mean 
value 10 of the digital correlation signal KO reaches the 
"high" level of 1 volt, then the data rate must be less than 
1 Gbit/s. 

[0108] In principle, a very high data rate measurement 
resolution can be achieved by means of a very finely 
graduated delay chain, that is to say by means of a large 
number of phase shifters, D flipflops, low-pass filters and 
comparators (see Figure 2 and 3) , This results in a data 
rate measurement signal in the form of a thermometer code. 
If desired, a thermometer decoder is used to recede this 
thermometer code. 
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[0109] As can be seen in Figures 5 to 10, the threshold 
value should preferably be in a range between 0.8 times and 
0.95 times the "high" level of the data signal D in order to 
allow reliable data rate determination. 

[0110] In conjunction with the exemplary embodiment shown 
in Figures 1 to 10, it has been assumed by way of example 
that the phase shifters 100, 110, 120, 130 and 135 produce 
the same phase shift. Alternatively, the phase shifts 
produced by the phase shifters may also differ from one 
another and, for example, it is possible for the phase shift 
values to be staggered logarithmically. 
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List of reference symbols 

10 Optical receiver circuit 

20 Amplifier device 

30 Controllable amplifier 

40 Amplifier 

50 Amplifier 

60 Control device 

70 Data correlator 

80 Bandwidth monitoring device 

90 State machine 

100,110,120,130,135 Phase shifter 

140 Points 

150,160,170,180,190 D flipflops 

300,310,320,330,340 Low-pass filters 

400,410,420,430,440 Comparators 

450 Decoder 
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